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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a plasma 
generator which improves uniformity of plasma 
treatment and can correspond to a large diameter of a 
substrate. 

SOLUTION: Micro waves which are distributed into four 
rod antennae 9a, 9b, 9c, 9d through branched parts 20a, 
20b, 20c of a T branch from a waveguide 5 and are 
radiated are introduced into a vacuum vessel 1 through 
four dielectric tubes 10a, 10b, 10c, 10d. In the vacuum 
vessel 1 , a multicusp magnetic field 1 3 and an electron 
cyclotron resonance region 1 2 are provided by a 
permanent magnet 1 1 arranged in the surroundings to 
generate plasma 8 having high uniformity in a region in 
which plasma treatment is applied to a substrate due to 
mutual action of vibration electric field of micro waves 
and magnetic field. 
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Abstract of US61 09208 



A plasma generating apparatus capable of 
improving the uniformity of a plasma processing 
and coping with a larger diameter of a substrate 
is obtained. Microwaves are distributed and 
emitted from a waveguide through the branching 
portions of a T branch to four rod antennas. The 
microwaves are introduced through four dielectric 
tubes Into a vacuum vessel. In the vacuum 
vessel, a multi-cusp magnetic field and an 
electron cyclotron resonance region are caused 
by permanent magnets located around the vessel 
and, by an interaction between a vibrational 
electric field of the microwaves and a magnetic 
field, highly uniform plasma is generated in a 
region where a substrate or the like is subjected 
to a plasma processing. 
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^2i)-h'^t\^m^^^WLh\.X. 3l?Slr5iJJ:Ufi5- 
l!SSi52 0a, 53-lKS|52 0 b, ^HggP 2 0 c =Sr!£ltT>/^;S. 

ffl v»r <> ll»Of^ffl?a*<^ll^*»^tg t 5^ ^ o 
10 0 3 81 ^?S«i:R«y-X;ui5j:Uf3;i/ 

'J-*- h m-^^-^M-^^iy ^ t J: •=. T t l^^cof^lS^a* 

[0 0 3 91 mi&<r)WM 2) ^iz^ z 'D^m<r>mk<o 

j^m2i. mi o-mi 3 ic*^(,»Tiaw-t^„ 

[0 0 4 0] ClOT'^X-v^^ggti, miOI,Z7r^irX 
□ 1 a tfe^*'>'.5-p^-r ^/i*0*'xp^P 1 b t?: 

ai-'&fc*:)<o^7 35««g$itTi/^-&o ifz. z<om^ 

SSI l*lSI5±1i!lt;{±, l*«5D-y KT>'-3r-?-9 t-?-<^n 



-6- 



11 

*lTV»-So -?-LT. COKmfrtf 1 0 <7)±^l±S«fe@ 5 
■5.C 

[0 0 4 1 ] 1 0®HIZ(±«.X8S5 1 1 

[0 0 4 2] S/c. **Jfe<Off^.#JIiolt^7'7X-7||^ 

7!i*^?£$*v;»^>:f*(i, mM<r>J&m \ t l^^licslffifrlf 1 0 
Bf. Ill OiSiU-'H 1 1 T Sim#:K 1 Oli 

(i. 112 2lz^-ri^^@«$tL/cl®^;ii^t>X^$S 
v»/cn •;/ KT > X-?- 1 0 9 is J: '(fm'^W^ 1 1 0 ICW 
:^ 9 is J: O^'^m^W 1 0 ^*Sfe#^ 1 rtOfefiS^^l^l- 

i: V ^' D mm^^mm ? ti-r J^j- icttig $ tL 
*o ^(ofzib. 7'7X-7 8 0ii:S:^iPicoi!£:t5:B#ni3tts 

^mm<r>jimx'\t. K^^fji i*i<o-7'5X-7 8o 
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12 

S3 ?rlil 1 2 -13 2 0 {CSo'v^Tm^g-f ;E)o 

[0 0 4 4] **ife<05K)^Hi5lt*-/7X-7|§^^fio 
-7W'i'n?feit&^<0«IJffll^«l±, BIl 2(c^i-J:-7U, 55- 
HS^SS 0**Lri3»), ^C055-IKS3 0I±^?!£^5 1C« 

:0-IIB^S3 0I±, ^?S«5 e, 5fU«a$tL, n-^ 
iO KT>-r-^-9e. 9 f 'v-r n?g[^:)!]4:ft|&-f a 
y KT>7^-^9 e, 9fJ±. JiBfi»jS«5e. 5 f tc« 

-^-2)0 ny KT>f-:f9 e. 9 f ^ii^fj&W^tl,;!::^^ 
D?S^*I±> 1 0 e , 1 0 f ^raSa-r-So CIO 

»m#l=10e, 1 0 f li, 

[0045] llI13i3J:iyf|114J±, **i&<0JI^^O-7 

^rON/OFF-t-?>7t«!)CO©^^aT-«b;Bo ttz^ 
S3 0 lI«^L-CSl]iSla > yu-y 3 1 ;&f^{t«bttTj3 
19. Hi 5 {I^l-i ^ ^r^-T ■>^>^^iillt<0?&5g-C% ^ 
Eg 3 0 1*1 tCSlt "b iXtz^^T. t^^OJ^X 
y^S 6<7)ON/'OFF*S1JWt--5.o Ell 6i5J:i>'|l 
17»i. HI SiJiffllll 4l^i3tt^^«!$g3 OOUf^ 
t^^-t^ y7X-7<7>BI#$rS^LTw^-S,o 
50 [0 0 4 6] i>:tz, ilBOJ: 9 \zmi^^f^i>^^m<oW^ 

7'5X-7«:§|^i5J:t>*«l«f1-^:^fe(cov»TJ±, ±fEII 

[0 0 4 7] •7^'^'n^^«#2 75^t>^:Sc'i=5*^L-C 
■7 ^ u^m.tHi. »-lliJS3 GlCA^J-t^o :»-lKS3 0 

KX-)3^ixtz^^ i7UTi^m,tnt. :^^RS3 ortosjm:;^ 

9 3 1 (ZJ: IJONl-^-itlCi v^^'n^^;l3=&2 

0US^$*tfc#>»Oiil!![«5 e, 5f?r^L 
^«t©5e, 5 f IC^^gtLfca-;; KTV-r-^-9 
e. 9 f ir^LrXS&^SlrttCiiA^ti, 01 8tCg^ 
L 7t J: 0 ^ X-7 $ Hi:^ „ 

[0 0 4 8] :*:|lilE<^®.^t?(i, 30*2 ^SEU 

<7)^EI^*fflv^Htf. «-E1-*^^S:«:«:i:^3Ei--s.c: 

[0 0 4 91 */c> **jfe<0?g]^.r*J±, •^-f^'OiSHS 
50 S2*>«b^:^J«rtt«&i-S*St LT. «?S1=5, 5 e. 
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^?fel= 5 t [Sitter h©«rSJ[ 
a-g-ti: T -7 ^ D ^ -6 w t *«T- i o 

[0 0 5 0] ±3t. **ife<7)ff^ST-(±, :S-lKS3 Oi}-h 

^m\'^<oWiM-r:. m 1 6 -m l S ICi^LTv^^ j; o {1, 
$IJ»rr> 3 1 tcJ: 19^5-IKS3 0 l*l<0^^;?. 'f y 

^Cjl^ill 3 *> J: sy^'Hl 1 4tc:^1-±dlc. 

tf-J: I), HI eiJiOflill 7 t-^-tJ: d t::, M^^^ 
1 l*HCfl±-ri)-/9X-r 8 l±D 7 KT>-r ±9 e, 9f 

yX-7 8i)^m^fi^o itz. 2:^<0u y h'r>7-i- 9 
e, 9 f ^l^^tcScS^-^Ttt § J; •) (> l:*:S/ci9<7>m 

<r'^i,o -?-co^*. «igtDmtj36^l^i:=i'btf 

(0 0 5 11 ifc, *:||iSO?K^.-C(±. ^lliSSS 001*1 
SPtw^a^X-f 7-f^3 5i3j:(yf^J&;^'f y^S 6 t LTU 

i^±^-^i>ztA^x-^i,o tfz. :$imm<r>r^mxii. 

lo<0T^^'D^MMS2 ?:^tt#3 Oim^^X^mt 

o#^ic*=fL, '7>(i^am^^tmi&.wt^mLxi 

[0 0 5 2] 5;*3> :*:|tM<^^,^.-C-li, T»t$.tT>7' 

-> y - J: •) X >; -y h ^H-^cKP J: d t^^J^ 

-f7X-7i^^^^i,Ciiii)^X'^io Z.<Di.^tt^¥^m 
t LT, 7ttx.lf, 01 9iSi.Xfm2 Ol-^-f 1^ t^, 
#^OSimft@l 0 a, 10 b, 10 c, \ 0 d<r>±M 
tc;?. y h 6 a , 6b, 6c. 6 d =Sr^tt, 1 
0±BUiiv»TX'; y h 6 a, 6b. 6c. & A<r>n% 
<r>~'D<o:^i^U'^-^X^imWLt h'y ^ y ^' 2 6 

Z<r>v^y9 2 2 0 \Z7V^-tjki^Alj^\zm^ 

$-ii:T. ^'J y h 6 a. 6 b, 6 c, 6d?:M^PSP$ 

[0 0 5 3] 
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'^^<r>tm<r>m^<r>i^^z\i)^l^<r>^\.ztiLX-^^ i7u 

WL^WM^^i>^t\Zit-<X. 7'7X-7^gia««l-7&9 

:hzt-b^x-^i,^ t<r>m^^ -fy X-7^-mm.^\^X(r)-f 
10 TO*«o:>cps<t;u>t)f--e#*7'7X-rfi^^s«ra 

[0 0 5 4] W*JS2lifE«cOi^?gicJ:ttlf, -v^^a 
a5^*^§S<oi^SCtz#A-r ^ c t n i -p r«EKi-^ i 

t\.zti^tz>i>. ^'fiff>mfS.^Umzi!)-b^h^^i)mTSL^ 

20 tL-So 

[0 0 5 5] W*]S3^cf^«fe<0§|ggoJ:^^T>T•■:^* 
fflv^r-?-<^mj&*^^#Srttw||gg< i t tc J: 

»)s -7^- i'OjfeofeJtea?:^ ^MOT'^X-r^JLSffiJ^ 

T'^X-rSlSSrlSto^v^t v^flJAdSab-J-o v-f i^n^ 

y vi^-t^m.^<D-:r^x-7^±^mzvc-<x. f^x 

■7fti3l=p«{c :fe »t ^ ^7 X-7^JS^;(|T Oifj— ^ |6] Ji $ 
[0 0 5 6] »*:a5lcfeigo%eg<0J:^lc. v-Y^'n 

IcioT. 7'9X-7^8iS«^{::iJlt*y7X-7|&jKi9-:(t 
40 [0 0 5 7] mim. 6 tClEffecO^WO i d 

i t U J; 19 . *^SSrtSeottv-S®J5#ST-7;uf- * 

^<r>fzt>^ vftAn-fyX-^mM^mzHK^^-fyX 
-e^aiSOJi)— 1i*«?iblcip]JiL. 7'7Xvia!,B|<^*^|^t 
LT<o*|go:k:PS'fl:--<o*tJ&oTirt6tt^)l£:>c1--So »l 
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[0 0 5 81 *^?g<7)7"y X-7%^^^Hi3w^-rti. tz 

[0 0 5 9] 2f:%?g<07'7X-7^i^g<^flfe<r)«Ft LV> 10 

^#trCtlcJ; 0^ 9ui(m.^^^i)'-^^ ^^^^ 
tSSrtScftl-tS- t*^gg(^-t-&o iOi^liv-f iJ'njfe 

[0 0 6 0] iOi^UT^i^niSSrStlfrs^ilSrHl 
h^^\.tz-7^ i^uWii^^X^ T«ScOfrlB^ 

Xi)ho 

^«0«EB&«fig; S^t HIT-* ^ o 
[02] la 1 IZ^ L^c ^7 XT|S^^il<D*^SSifi 

^m.<or>7'i-ff)&^Mr^mi7Fi-mx'i>i>o so 
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[US] *l&W<7)jt4few®Bl Uistt-ST-^X-vlg^ 
^go T > f - f - <r>ik<omw>Mi:mirmx'i) i> o 

[06] *%?^O*M<0ff^.^l Utott^-7-^X-7f|^ 
[E17] *lfee^<0*iSOf^Sl t::i5lt-S.7'7X-7^^ 

[HIS] *^W(0||M<7)®.^1 Utett^-/9X-7^^ 

^ ft O <7> ^ ff^tai O B&«^ =S: ^ i- m T- ^ o 
[119] *^??0||JSOff^]iU-±3lt*7'7X-7§&^ 

[010] 2t:%^<0^teOB]^.2 ICJott* 7^7 X-r^ 

[011] 01 OtC:^L;l:7'7X-7^^^ft(7), 

[012] *l&?g<7)^JScOJ^]s6 3 ICiSlt^y^X-T^ 

[013] 3ts:^?go^iS<off^® 3 tc±jit;5>^seS3 0 

^»;^'f y^S 5**0N, m^:^^ 6**OF 
F <04^^. ^ ^-r«^0T-* ^ o 

[014] 2|s:|&?g<0^J£OB.®3 lc*Jlt^53-ieS3 0 
<r>. fflmx V ^ 3 5 ;6*0 F F, -Y y ^ 3 6 

N<0:imi:^i-m^mX'i3i>o 

[015] 3l!:^?gtO^JfeOBB3lcislt^55-iE^3 0 

<r>. m^:^^ y'f-a 5, z e^lsm-fhtzitxD^Oi'T.i 
m-tmx'hZx, 

[0161 3 tCiJlt-5.^R^3 0 

<r>m^:^ -i ZifiO N, ^Ij^;^ ^" y ^ 3 6 F F 

(r>^mx<r>^ -f'7X-7(r)^±^mi7r--fmx'i>i,o 
[0 1 7 1 :*:fl??O*M<0ff^,^, 3 tciJlt ^^KS 3 0 
(om^::^^ y^S 5**0N, ^Oljix^f y-^S 6*«0FF 

[0 1 8 1 :*:|IW<0||J&<Off^M 3 j3tt-l,^ESO«J 
i^:^^ y^3 5, 3 6**t itCON<7)*^,^-C<0-7'9X-7 
Ofl^i^S S: 0T'* i o 

[019] 3 (ciJtt^ 7-9X^51 

^^S<O-^?|^^Offit^«fig;S:^-t0-e**o 

[02 01 01 0(C^L3t7'7X-rf|^^e<??, ^fzg 

$f?a#o¥M0T** ^ „ 

[0 2 1 1 S6*^7'7X-7|&^^go«EB&«j£S:^t 

0T-*^„ 

[02 21 #®¥9-2 6 2 0 4 7#lCi5V^T*flW 

# t> L 7t y 9 X^?|fe^^go1RI&«64 Sr^-r 0-^ 

[02 3] 02 1 t::^L/j-7'7X-7§|^^g<^*^§ 
[02 4] 02 1 (C^L7t7'9X-7f|^^g(ciJlt«. 

*xm5oEgi5 J: i/^±t&m^^m^^i^i-mx' 

[??-^<r)ia?91 

1 1 a *';i?.«if&P, 1 b «-x»f^p. 
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2 -^^^n^^flSfJ, 3 WMMM^. 5, 5 a, 5 
b, 5 c, 5 d, 5 e, 5 f 7 8 

9, 9a, 9b, 9c, 9 d, 9e, 9f 
n7KT>T-^^ 10a, 10b, 10c, lOd, 1 



(10) 4*ra¥l 1-214196 

0 e , 10, 1 0 f K^m#l=. 1 1 7XX?SE> 1 2 

1^. 1 4 *m#5^S^. 20a. 20b, 20c Ti3^ 
ll^. 2 5 ffili^So 
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